Citrus huanglongbing (HLB) is caused by three species of fastidious, phloem-restricted α-proteobacteria: 'Candidatus Liberibacter asiaticus', 'Ca. L. africanus', and 'Ca. Liberibacter americanus' (9) . All three are vectored by two phloem-feeding psyllid species, the Asian citrus psyllid Diaphorina citri Kuwayama and African citrus psyllid Trioza erytreae (Del Guercio) (9) . Current HLB control strategies focus on the prevention of psyllid infestation and transmission of HLB within citrus groves (9) . Unfortunately, once 'Ca. L. asiaticus', 'Ca. L. americanus', or 'Ca. L. africanus' has been transmitted, there are no options available to growers to prevent the increased growth of the pathogen in the tree, followed by the decline or destruction of the infected trees. Often these trees are at the beginning years of fruit production, adding to the economic impact of HLB. In Florida alone, HLB has caused an estimated $3.63 billion in lost revenue since 2006 (12) .
Distinctions in temperature sensitivity between these Liberibacter spp. have been found within specific citrus production regions (e.g., Brazil, China, and South Africa). Whereas 'Ca. L. asiaticus' tolerates temperatures >30°C, 'Ca. L. africanus' thrives only in the narrow range of 22 to 25°C (2, 14) . Researchers found that 'Ca. L. africanus'-infected seedlings remained asymptomatic when maintained in growth chambers at 32°C (16 h/day) for 30 weeks (2) . Similarly, Aubert et al. (1) documented the absence of HLB symptoms on citrus and other indigenous plants belonging to the Rutaceae family in five sub-Saharan regions of Africa where the daily maximum temperature was never <25°C and mean annual maximum temperatures were >30°C (1) . Additional studies conducted in Brazil using growth chambers found that the heat-tolerant 'Ca. L. asiaticus' thrived at temperatures as high as 35°C whereas 'Ca. L. americanus' could no longer be detected at >32°C (21) . A similar negative influence of elevated temperature on Liberibacter titer was also found in similar studies of 'Ca. L. africanus' and 'Ca. L. asiaticus' infections of periwinkle (Catharanthus roseus; Apocynaceae) (7) . In this study, disease symptoms similar to those found in citrus occurred in periwinkle at both temperatures for 'Ca. L. asiaticus', whereas symptoms from 'Ca. L. africanus' infection were never present at the higher temperature (7) .
Recent studies have concluded that 'Ca. L. asiaticus' is capable of growing at ambient temperatures as high as 35°C; however, the upper threshold of its temperature tolerance has not been explored (8) . In addition, analyses of the 'Ca. L. asiaticus' genome revealed two prophages, both of which can enter a lytic cycle (31) . The lytic cycles of many prophages, including Escherichia coli and Xylella fastidiosa prophages, can be induced by heat stress, resulting in cell lysis (5, 25, 27) . Therefore, it may be possible to use temperature treatments >35°C to either kill 'Ca. L. asiaticus' cells directly or induce the phage to lyse the bacterium.
Thermal therapy ("thermotherapy") treatments have been used for decades to prevent or eliminate diseases in plants. There are reports as early as 1936 in which dry heat and hot-water treatments were utilized to cure peach yellows and other chlorotic diseases caused by viral infections (16) . Heat treatment of sugarcane still remains an effective component of routine propagation and is used to prevent numerous diseases, including ratoon stunting disease (Leifsonia xyli subsp. xyli formally Clavibacter xyli subsp. xyli) (4, 13) and grassy shoot disease ('Candidatus Phytoplasma') (28) . Thermotherapy was also found to be highly effective for the inactivation of Citrus tristeza virus in budwood, preventing citrus quick decline disease (10, 11, 23) . Evidence that thermotherapy can control HLB was first documented in China, where phenotypic symptoms of HLB were eliminated in budwood and seedlings after the material was exposed to moist, hot air of 49 to 50°C for 50 to 60 min (20) . Another study demonstrated that treating infected citrus seedlings three times with hot water (47 to 50°C for 6 to 12 min) every 24 h for a total of three treatments produced asymptomatic leaves for a minimum of 29 months after treatment (19) . The purpose of this study was to evaluate various temperature treatment regimes and methods using 'Ca. L. asiaticus'-infected citrus buds, potted citrus, and periwinkle in order to determine the feasibility of thermotherapy as a remedy for 'Ca. L. asiaticus'-infected citrus nursery plants.
MATERIALS AND METHODS
Prior to all citrus experiments, different varieties of citrus scion were grafted with buds or budwood removed from mature, 'Ca. L. asiaticus'-positive citrus trees, symptomatic for HLB. Budwood experiments were conducted at the University of Florida (UF) facility in Gainesville, FL. All other experiments were completed at the United States Horticultural Laboratory (USHRL) in Ft. Pierce, FL. For the budwood experiments, thermotherapy was immediately applied to the freshly budded nursery trees prior to potential systemic infection from the dormant buds while, in the remaining experiments, thermotherapy was applied to the similarly sized nursery trees after systemic infection was established by grafting HLB-affected scions onto healthy seedlings. Periwinkle plants were grafted with 'Ca. L. asiaticus'-infected periwinkle stems and monitored for disease symptoms. Control plants were maintained continuously in HLB-restricted, psyllid-proof greenhouses. Before and after designated treatments, each plant was returned to the same HLB isolation greenhouse, where they received weekly fertilizer management (Peters 20-10-20 Special). Temperatures in the greenhouse fluctuated from 20 to 36°C.
Heat-treatment assay using dormant budwood. Four types of citrus (Citrus paradisi 'Ruby Red', C. sinensis 'Hamlin', C. volkameriana, and C. maxima 'Pummelo') were used as sources of infected budwood. All budwood source trees were symptomatic for HLB and tested 'Ca. L. asiaticus' positive by conventional polymerase chain reaction (PCR) (15) . Three dormant buds from each infected citrus type were grafted onto each of 12 uninfected Poncirus trifoliata × C. sinensis ('Troyer') rootstocks (6-to 12-month-old, greenhouse-grown potted seedlings), resulting in 36 grafted buds of each citrus type on Troyer rootstock. Buds were wrapped with budding tape to maintain dormancy and placed in the UF greenhouse for 4 weeks. Eighteen grafted buds of each type were then heat treated in an EGC M48 (Environmental Growth Chambers, Chagrin Falls, OH) growth chamber maintained at 40°C for a 16-h photoperiod and 30°C for an 8-h dark period. This 40/30°C heat treatment continued for 4 months. The remaining 18 grafted buds of each type were left in the greenhouse for the 4-month duration. After 4 months, both the heat-treated and untreated buds were unwrapped, and bud viability was determined after another 3 months. PCR detection was performed only on tender leaves removed from fresh shoots emerging from the viable buds on up to six different citrus plants of each variety. Testing was by both conventional PCR (15) and quantitative (q)PCR as described below.
Preliminary screening of heat-treatment effects on 'Ca. L. asiaticus'-infected citrus. Three-year-old potted citrus trees, ≈0.5 to 0.8 m tall and confirmed to be systemically 'Ca. L. asiaticus' infected by qPCR (as described below), were exposed to various thermotherapy regimes in a Conviron CMP5000 growth chamber (Winnipeg, Canada), with fluorescent lamps at 40% intensity, a 12-h photoperiod, and 50% relative humidity (RH). Two C. reticulata (samples HT 1 to 2), five C. paradisi (samples HT 3 to 7), and three C. limon trees (samples HT 8 to 10) were exposed to a constant temperature of 40°C for 10 days. In addition, three 'Ca. L. asiaticus'-negative potted citrus trees (samples HT 13C, 14C, and 15C) underwent thermotherapy of 40°C for 10 days. Two additional C. limon trees (samples HT 11 and 12) were exposed to 42°C for 10 days while an additional C. limon and C. paradisi underwent treatment at a constant 45°C for 3 days. Three 'Ca. L. asiaticus' infected citrus (samples HT 16C, 17C, and 18C) received no treatment and remained in the same USHRLrestricted, psyllid-proof greenhouse. Following treatments, all trees were tested for 'Ca. L. asiaticus' using qPCR.
Optimization of thermal treatments to eradicate 'Ca. L. asiaticus' in citrus. Thirty 'Ca. L. asiaticus'-positive 2.5-year-old potted C. paradisi Macfadyen trees, ≈0.45 m tall in 1-gallon containers, were randomly assigned to one of three treatment groups. All trees were tested ≈1 week before treatment and 30, 60, and 270 days after treatment (DAT) for 'Ca. L. asiaticus' using qPCR, as described below. The treatments were (i) constant exposure at 40°C (samples TOA 1 to 9), (ii) daily cycle of 42°C for 19 h followed by 30°C for 5 h (samples TOA 11 to 18), and (iii) daily cycle of 45°C for 16 h followed by 30°C for 8 h (samples TOA 19 to 27). All three treatments were performed at 50% RH and 12-h photoperiods for time periods of 2, 4, or 6 days, respectively. For each treatment regime, three trees were incubated in the growth chamber for 2, 4, or 6 days before placement in the USHRL HLB isolation greenhouse for observations. One infected tree from each treatment regime (sample numbers TOA 1C, TOA 2C, and TOA 3C) was held in the isolation greenhouse to serve as an untreated control.
'Ca. L. asiaticus'-infected periwinkle thermal treatments. To determine whether heat-treatment responses would be comparable in a non-citrus host, similar experiments were completed using periwinkle (Catharanthus roseus). Periwinkle plants, graft inoculated 3 months earlier from one 'Ca. L. asiaticus'-infected periwinkle plant, were selected based on pronounced symptoms of 'Ca. L. asiaticus' infection. Three 'Ca. L. asiaticus'-infected periwinkle and three uninfected healthy controls were maintained for 7 days in the growth chamber with conditions set to 40°C at 50% RH. A second periwinkle experiment used three infected and three uninfected plants treated with conditions set to 40°C at 50% RH for 7 days, followed by an increase in temperature to 42°C for an additional 7 days. 'Ca. L. asiaticus' was detected by qPCR before treatment and at 30 and 90 DAT, as described below.
Sample preparation and DNA extraction. For each plant, symptomatic leaf samples of diseased tissue were collected before treatment to determine initial threshold cycle (Ct) values of 'Ca. L. asiaticus'. Plants were sampled at 30 DAT if tissue was available for testing. Recently, hardened flush continued to be sampled after heat treatment at various time points (e.g., 60, 90, and 180 DAT). Leaf tissue was either immediately processed or stored at 4°C until processed. Total genomic DNA was extracted using a modified Qiagen DNeasy Plant mini kit protocol (Qiagen, Germantown, MD). Briefly, 200 mg of leaf midribs were finely cut and placed in sterile 2-ml tubes with silicone-carbide shards, 2.3-mm chrome-steel beads, and 800 µl of AP1 extraction buffer. Tissue was macerated using a Fast Prep-24 homogenizer (MP Biomedical, Solon, OH) at speed 6.5 for 120 s. After adding 8 µl of RNase A, samples were incubated for 30 min in a 65°C water bath. After 200 µl of AP2 buffer was added, samples were incubated on ice for 5 min and further processed with the standard published protocol for the extraction. Final DNA samples were eluted in 100 µl of sterile water and stored at -30°C.
PCR methods. All real-time PCR amplifications were performed in either a Cepheid Smart Cycler 900 or an Eppendorf
Mastercycler realplex thermal cycler (Eppendorf, Hauppauge, NY) using 'Ca. L. asiaticus'-specific primers HLBasf, HLBr, and TaqMan probe HLBp (100 µM) that target the 16S rDNA region of 'Ca. L. asiaticus' (17) . Amplification settings for the 'Ca. L. asiaticus' primers with the TaqMan probe used 15 µl of reaction mixture, started with a 95°C initial denaturation step for 5 min, and was followed by 40 cycles at 95°C for 3 s and then 60°C for 30 s. All reactions were performed in duplicate using the "fast" temperature mode. The mean Ct was used to estimate 'Ca. L. asiaticus' titer (cells per gram of fresh weight of citrus tissue) based on the formula Y = 13.82 -0.2866X, where Y is defined as the log of the target copy number and X is the Ct result of the qPCR assay for the sample (18) . Conventional PCR was performed as described by Jagoueix et al. (15) using the primer pair OI1/OI2c.
Statistical analysis. To evaluate the changes in Ct values for treatments, statistical analyses using analysis of variance (ANOVA), Student's t test, and Tukey's honestly significant difference (HSD) were completed with JMP 8.0 (SAS Institute Inc., Cary, NC). All qPCR Ct results displaying no detected level of 'Ca. L. asiaticus' 16S rDNA were arbitrarily assigned the value of 40, indicating zero detection after 40 cycles. 'Ca. L. asiaticus' levels at Ct value > 36.9 using TaqMan probe were considered 'Ca. L. asiaticus' negative (18) .
RESULTS
Dormant budwood response to heat treatment. In total, 144 grafted buds of grapefruit, sweet orange, lemon, and pummelo were obtained on a total of 48 Troyer rootstocks. Half of these were heat treated for 4 months on a 40°C, 16-h light cycle, with a 30°C, 8-h dark period each day. The other half were untreated controls maintained in a greenhouse. Of the potentially 'Ca. L. asiaticus'-infected buds, 33 to 100% sprouted to produce viable shoots, regardless of whether thermotherapy was used or not (Table 1 ). There was no evident deleterious effect of the 4-month 40/30°C heat treatment on bud sprouting after treatment compared with controls. In these experiments, a single bud sprouted on 33 trees (70.2%), two buds on 10 trees (21.3%), three buds on two trees (4.2%), and no buds on two2 trees (4.2%) regardless of treatment applied; the low number of bud sprouts limited the number of trees that could be sampled for 'Ca. L. asiaticus' to a range of four to six trees. The 40/30°C heat treatment appeared to provide some benefit in terms of reducing the number of buds with 'Ca. L. asiaticus'; only 3 of 24 (12.5%) thermotherapytreated buds were 'Ca. L. asiaticus' positive after 12 months, whereas 11 of 21 (52%) untreated buds were 'Ca. L. asiaticus' positive after 12 months (Table 1) .
Heat-treatment preliminary screening effects on 'Ca. L. asiaticus'-infected citrus. Ten HLB-affected trees (two C. reticulata, five C. paradisi, and three C. limon) were exposed to continuous heat treatment of 40°C for 10 days. For each infected citrus plant, symptomatic leaf samples were collected before thermotherapy treatment to determine the initial Ct values of 'Ca. L. asiaticus'. The average TaqMan qPCR Ct value for the 12 infected trees (excluding controls) was 26.09, representing an average 'Ca. L. asiaticus' titer of 6.59 × 10 8 cells/g of tissue (Table 2 ) (18). After 10 days of heat treatment at 40°C, all disease symptoms on new growth were eliminated. By 90 DAT at 40°C, a 989-fold decline in estimated bacterial titer was observed (mean Ct value = 36.04, 95% confidence interval [CI] = 32.53 to 39.55, t 9 = 5.08, two-sided P > 0.0007). No differences due to citrus species were observed based on ANOVA. By 180 DAT, all 12 treated trees sampled were negative for 'Ca. L. asiaticus', whereas the infected control trees without thermotherapy continued to decline and remained 'Ca. L. asiaticus' positive. The three healthy trees exposed to 40°C for 10 days did not display any adverse response to the thermal treatment. The trees continued to flush, producing asymptomatic leaves that remained 'Ca. L. asiaticus' negative throughout the study (i.e., having a Ct value > 36.9) ( Table 2) .
Two C. limon trees (HT 11 and 12) were exposed to continuous 42°C for 10 days (Table 2) . At 30 DAT, no characteristic symptoms of HLB were observed in any of the new growth on HT 11 and HT 12, although there was serious leaf scorch and stem damage to the distal regions of the plants. 'Ca. L. asiaticus' was not detected by 30 DAT, and 'Ca. L. asiaticus' remained undetected at the last sampling at 270 DAT (Table 2) . Two infected citrus plants were placed in the growth chamber for 3 days at constant 45°C. The trees had severe tissue damage and were dead within a month after treatment.
Citrus trees treated at either 42 or 40°C for 10 days displayed a pronounced vigorous growth response within 30 to 60 DAT, as evidenced by healthy new flush on rootstock and scion as well as vigorously new root growth (Fig. 1) . These phenotypic results, combined with repeated real-time PCR results, suggested that the pathogen had been significantly reduced or eliminated by these heat treatments. Additional screenings of infection status for surviving trees exposed to temperatures >40°C have remained 'Ca. L. asiaticus' free ( Table 2) .
Eradication of 'Ca. L. asiaticus' in citrus using optimized thermal treatments. Thirty C. paradisi were used to examine whether 'Ca. L. asiaticus' could be eliminated with a shorter period of thermotherapy (2, 4, or 6 days) interrupted by relatively cool periods. Because citrus exposed to a constant temperature of 42 and 45°C displayed serious tissue damage, the temperature regime was modified to 42°C for 19 h followed by 30°C for 5 h, 45°C for 16 h, and 30°C for 8 h to minimize damage to plant tissue while still exposing the bacteria to high temperatures. At 30 DAT, citrus trees exposed for at 45 and 30°C were almost completely defoliated and could not be sampled (Table 3) . By 60 DAT, these seedlings had recovered, displaying vigorous healthy new growth, predominately from the basal portions of the trunks. As expected, foliar damage was generally greater on trees with longer exposure to 45°C. Trees exposed to 42°C displayed initial defoliation similar to that of the 45°C group, although the overall recovery by 30 DAT was more rapid. The groups receiving the 40°C treatment displayed minimal leaf damage, with healthy new growth prominent by 30 DAT.
The mean Ct value measured before treatment for all 30 plants was 21 .3 (95% CI = 20.58 to 22.18 Ct values). Regardless of the treatment conditions, all 27 trees had undetected levels of 'Ca. L. asiaticus' (Ct value > 36.9) at 60 DAT while two controls had Ct values of ≈21 and the third (sample number TOA 3C) was nearly defoliated due to continued 'Ca. L. asiaticus' infection (data not shown). When compared with controls, the average change in Ct value for treated plants 60 DAT was an increase of 18.9 while the controls remained the same (ANOVA F 3,29 = 60.06; P < 0.0001). Comparisons between treatments suggested that all thermotherapy regimes were equally effective, regardless of temperature or exposure time (Tukey's HSD; q = 2.504; α = 0.050).
'Ca. L. asiaticus'-infected periwinkle response to thermal treatments. To determine whether thermal therapy could suppress 'Ca. L. asiaticus' in another host, heat treatments of 40°C for 10 days and an extended treatment of 1 week at 40°C and a second week at 42°C were applied to 12 periwinkle plants (six infected and six uninfected) ( Table 4 ). The mean Ct value for the infected plants before treatment was 24.7 (95% CI = 21.2 to 28.2 Ct values). Thermal therapy treatment was completed on three 'Ca. L. asiaticus'-infected periwinkle plants and three 'Ca. L. asiaticus'-free periwinkle plants in the growth chamber using 40°C for 10 days, and the same temperature regime was used to treat six varieties of HLB-affected citrus. Real-time PCR results showed a change in Ct values for two of the three infected plants for the first replicate while no differences were seen in the uninfected plants (Table 4) . Closer examination of the remaining plant (PW 502) showed a symptomatic branch that was positive for 'Ca. L. asiaticus'. With the more aggressive 40/42°C regime, decreases of 'Ca. L. asiaticus' titer levels were observed in all three infected plants, and 'Ca. L. asiaticus' was not detected 90 DAT. Although plants displayed wilting and heat stress during thermal treatment, all but one regained healthy growth after returning to the greenhouse (Table 4) .
DISCUSSION
'Ca. L. asiaticus' is tolerant of temperatures as high as 35°C, both distinguishing this species from the other two HLB infective agents and suggesting thermotherapy as one potential control method (9) . Although earlier studies indicated that HLB-associated symptoms could be suppressed when infected budwood and seedlings were exposed to temperatures >47°C, no research has addressed the upper threshold of 'Ca. L. asiaticus' viability in planta using quantifiable molecular approaches (19, 20) .
Thermotherapy experiments reported here first focused on evaluating the potential use of thermotherapy to ensure that buds removed from 'Ca. L. asiaticus'-infected trees would be 'Ca. L. asiaticus' free following treatment of the infected, dormant buds. However, exposure of dormant buds to temperature cycles of 40/30°C, even for a relatively long duration of 4 months, provided no assurance of curing 'Ca. L. asiaticus'.
Exposure of potted citrus trees to temperatures of 40 to 42°C were highly successful in reducing the 'Ca. L. asiaticus' pathogen from what were extremely unhealthy trees. Interestingly, residual 'Ca. L. asiaticus' bacteria, possibly representative of dead bacteria, remained detectable in the older, hardened leaves of test a Ct value > 36.90 is considered negative or not detected (ND) for 'Candidatus Liberibacter asiaticus'. DAT = days after heat treatment, ND = Ct value was either >36.9 or ND within 40 cycles of qPCR and sample was considered negative for 'Ca. L. asiaticus', and N/A indicates that tree was not sampled. b Sample numbers ending in C refer to control plants that were either healthy and subjected to thermotherapy or 'Ca. L. asiaticus' infected but not subjected to thermotherapy. samples, regardless of the treatment regimen, although with diminished titer levels compared with treatment titers observed prior to treatment (data not shown). Trees growing in a psyllidproof greenhouse after such treatments have remained 'Ca. L. asiaticus' free for over 2 years, indicating the complete absence of viable 'Ca. L. asiaticus' in these trees.
Thermotherapy was also found to be an effective means of suppressing or eradicating 'Ca. L. asiaticus' in periwinkle, a model system for studying HLB. Preliminary results indicate that a longer duration of heat treatment is needed to reduce 'Ca. L. asiaticus' infection in periwinkle. Although 2 days of 40°C was sufficient to control HLB infection in citrus seedlings, 'Ca. L.
asiaticus' was still detectable in two of three periwinkle plants after 10 days of heat treatment. The increase in both temperature and duration improved suppression of 'Ca. L. asiaticus' in periwinkle. Optimization of thermotherapy treatment for 'Ca. L. asiaticus'-infected periwinkle is continuing.
The reduction of 'Ca. L. asiaticus' titer in both citrus and periwinkle after exposure to elevated temperatures suggests that 'Ca. L. asiaticus' bacteria are adversely affected and can even be eliminated by exposure to high temperature. It is possible that heat stress may have induced plant defense responses that help combat the infection. Heat stress in plants is defined as the arrested development, after a rise in temperature above a predetermined threshold, for a prolonged duration (26, 29) . The heat-tolerance threshold differs among species and at different stages during plant development. The reaction to heat stress was noticeably different between citrus and periwinkle. In this study, when exposed to sustained high temperatures (42°C), only leaf wilting was observed on periwinkle whereas, on citrus (all varieties tested), older leaves and any new flush displayed damage. Despite wilt and leaf damage at temperatures ≤42°C, both groups of plants recovered well and continued to grow without exhibiting HLB disease symptoms.
During times of heat stress, several physiological changes occur in the plant that might help explain the results of this study. For the plants treated in this study, we would expect to see changes in respiration and membrane stability, combined with increasing amounts of hormones, secondary metabolites, reactive oxygen species, and stress-related proteins (26, 29) . These events may factor into the response in extraordinary new flush and new root growth and vigor that we have documented here. Stress hormones such as abscisic acid, salicylic acid, and ethylene act as signal molecules to regulate numerous pathways and may contribute to the positive growth effects observed after heat treatment.
Alternatively or additionally, the reduction of 'Ca. L. asiaticus' titer may be a direct result of heat stress on 'Ca. L. asiaticus' bacteria. Two prophages, SC1 and SC2, are present in the genome of 'Ca. L. asiaticus', and they can be induced to enter a lytic cycle (31) . Phage lytic cycle induction can be triggered by environmental factors such as peroxides or antibiotics, which cause DNA damage to the bacterial cell, activating the oxidative stress (SOS) response (6, 24, 30) . In the well-studied λ phage, the SOS response inactivates the phage CI protein, triggering the lytic cycle (24, 25) . Heat stress has been shown to activate lytic induction in E. coli containing λ-lysogenic phage, phage containing strains of X. fastidiosa, and cyanobacteria harboring cyanophage (3, 5, 25, 27) . High-temperature thermotherapy may have induced the SC1 and SC2 prophage to enter the lytic cycle in the entire 'Ca. L. asiaticus' population within the potted citrus plants, killing the bacterium. Although phage DNA was detected after treatment, there was a decrease in measurable qPCR concentration when compared with before treatment levels (data not shown) (22) . We are currently studying the mechanism of lytic induction of the phage in 'Ca. L. asiaticus' to determine whether the phage has a direct role in the 'Ca. L. asiaticus' reduction.
We have demonstrated that thermotherapy can eliminate 'Ca. L. asiaticus' infection in potted citrus plants and that these plants remained disease free for over 2 years when not exposed to subsequent infection. Therefore, thermotherapy (40 to 42°C for 7 to 10 days) could be useful in citriculture for reliable clean-up of 'Ca. L. asiaticus'-infected germplasm and breeding materials, as well as the development of disease-free nurseries. Additional experiments are in place to determine whether thermotherapy is an effective treatment for HLB-positive dooryard citrus and trees in commercial groves. The most challenging factor in the field treatment is increasing and maintaining a relatively high temperature in the soil where citrus trees grow. Because HLB is a systemic disease, effective elimination of 'Ca. L. asiaticus' bacteria from the entire citrus tree, including roots, is essential for curing the disease. To overcome this barrier, we are testing the effects of heat treatment combined with a chemical treatment on HLBaffected plants, which may lead to a practical solution for the control of citrus HLB in the field.
